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Supplemental Experimental Procedures
Mice B6.Thy1.EGFP mice were originally derived from P.Caroni (De Paola et al., 2003) and are C57BL/6 mice in which a thy1 promoter drives the expression of EGFP that is targeted to the axonal cell membrane via a palmytoylated site. B6.tdRFP mice are C57BL/6 mice with omnipresent tdRFP-expression under a ROSA26 promotor (Luche et al., 2007) . B6.Thy1.CertnL15 mice are C57BL/6 mice in which a thy1 promotor drives the expression of a FRET (Fluroescence resonance energy transfer)-pair, i.e.
Cerulean (cyan fluorescent protein derivative) as donor and Citrine (yellow fluorescent protein derivative) as acceptor, bound to Troponin C in such a way that Ca 2+ -induced conformation changes of Troponin C are directly translated in modifications of the FRET signal, i.e. in modifications of the Citrine/Cerulean ratio (Heim et al., 2007 . MOG (C57BL/6-Tg(Tcra2D2, Tcrb2D2)1Kuch/J were crossed with B6.tdRFP to generate B6.tdRFP.2d2. LFA-1 -/-(B6.129S7-Itgal tm1Bll /J) mice (Ding et al., 1999) were kindly provided by M. Baier (RKI, Berlin). MHC-II deficient mice (B6.129S2-H2dlAb1-Ea/J) were bought from the Jackson Laboratory.
CNS immune cell isolation
Lethally anaesthetized animals were transcardially perfused with ice-cold PBS. Brain and spinal cord were isolated, cut into small pieces and diluted in IMDM (Gibco, Germany) substituted with 10mg/ml Collagenase/Clostridiopeptidase (Sigma, Germany) and 200U/ml DNAse (Roche, Germany). After incubation for 30 min at 37°C under continuous rotation, the CNS tissue was put through a mesh (70 µm) and mononuclear cells separated by conventional 40/70 Percoll centrifugation.
Intracellular cytokine staining and flow cytometry
For intracellular staining, cells were stimulated for 4 h with plate-bound anti-CD3
(3 g/ml) and anti-CD28 antibody 2.5 g/ml (BD Pharmingen) and brefeldin A (5 µg/ml) was added for the last 2 h. After staining for the surface marker CD4, cells were fixed and permeabilized with FACS buffer containing saponin (PBS, 0.5% saponin, 0.5% BSA, 0.1% NaN 3 ) followed by incubation with intracellular antibodies:
IL-17A (BD, Germany), IFN-(BD, Germany). Samples were acquired on a FACSCanto (BD, Germany), post-aquistion analysis was performed using FlowJo Software.
Immunofluorescence and Immunohistochemistry
After TPLSM, mice were lethally anaesthetized and intracardially perfused with 4 % paraformaldehyde (PFA) in 0. Confocal images were taken as stacks using a Leica SPE (Mannheim, Germany). 3D-reconstruction and analysis were performed with Volocity (Improvision, Germany).
Brightfield photographs were captured with a Leica DMI 6000 microscope (Mannheim, Germany). 
Anaesthesia and preparation of imaging field for intravital imaging
Mice were anaesthetized using 1.5% isoflurane (Abott) in oxygen / nitrous oxide (2:1) with a facemask. Mice were then tracheotomized and continuously respirated. The preparation of the imaging field was performed according to adapted protocols for cortical imaging (Göbel and Helmchen, 2007) . In brief, the brainstem was exposed by carefully removing musculature above the dorsal neck area and removing dura mater between the first cervical vertebra and occipital skull bone. The head was inclined for access to deeper brainstem regions, and the brainstem was superfused with isotonic Ringer solution, which was continuously exchanged by a peristaltic pump. A sterile agarose patch (0.5% in 0.9% NaCl solution) was installed on the now-exposed brain surface to reduce heartbeat and breathing artefacts.
Dual-wavelength excitation setup for TPLSM
We employed near infrared (NIR) excitation, i.e. two-photon excitation of the sample ; score: 2.5-3.5);
RNA isolation and real-time PCR
total RNA was extracted from cell lysates using RNA purification kit (Promega).
First-strand cDNA was synthesized using 600ng of total RNA and TaqMan reverse transcription reagents (Applied Biosystems). Primer sets and probes for RorγT, Foxp3, IFNγ and IL-17, 18s rRNA were designed with Primer Express Software, and for quantification of Gata3, Tbet, perforin and granzymeB TaqMan® Gene Expression Assays were used. qPCR MasterMix (Eurogentec) was used for PCR reactions, which were performed in triplicates on an ABI PRISM 7000. Gene expression was normalized to 18s rRNA as housekeeping gene. The resulting relative gene expression was than normalized to relative expression of naïve CD4 + T cells.
For primer and probe sequences, see Supplementary Table S1   Table S1 :
Primer (5'3') and probe (5' 3') sequences used for real-time PCR. 
RorγT
Determination of Glutamate concentration in cell culture supernatants
Release of glutamate by in vitro cultured and differentiated T cells into the culture medium was determined by an enzymatic reaction using a glutamate assay kit (BioVision, US). Assays were conducted according to the manufacturer's instructions using 10 µl of culture supernatant for analysis. Enzymatic reactions were performed in triplicate and the amount of glutamate was quantified by spectrophotometry at 450 nm. Experimental values were interpolated within a standard curve of 0, 2, 4, 6, 8, 10 mM.
Contact determination
We made use of the blurring which results from limited spatial resolution and leads to "false-positive" double-positive EGFP/tdRFP voxels, which can then be highlighted by standard image analysis software. Using automated identification of doublepositive voxels, a colocalization channel was generated, which was added to EGFPblue and immune-cell-red color-coded channels to visually highlight the contact areas as white regions. The object recognition (>5 µm 2 ) feature of Volocity imaging software was used to identify contact areas. To describe and compare the propensity of contact formation between immune cells and neuronal processes, we measured the concentration of single-and double-positive object voxels as part of all voxels and computed a contact index k. This measurement was applied to different disease stages and correlated well with disease severity.
Ca
2+ determination
Briefly, the intracellular Ca 2+ sensor is based on a FRET-pair, i.e. Cerulean (cyan fluorescent protein derivative) as donor and Citrine (yellow fluorescent protein derivative) as acceptor, bound to Troponin C in such a way that Ca2+-induced conformation changes of Troponin C are directly translated in modifications of the FRET signal, i.e. in modifications of the Citrine/Cerulean ratio. Hence, relative Ca 2+ changes can be intravitally visualized in B6.Thy1.CertnL15 mice, as previously described (Heim et al., 2007) by computing the ratio of Citrine emission (535 nm, spectral width 50 nm) and Cerulean emission (475 nm, spectral width 40 nm) after excitation at 850 nm. Performing FRET based calcium titrations the sensor is a first generation sensor which is very suitable for determining pathological calcium concentrations (with a published Kd of 1.2 µM) while it may not be suitable for resolving very subtle physiological calcium rises (Heim and Griesbeck, 2004) .
Determining FRET-signals in intravital recordings
The to Ca 2+ as indicated before (Heim et al., 2007) . Citrine, respectively, using a monoexponential decay approach for the photobleaching.
Further refinement of ratiometric FRET could only be achieved by using multiple photomultipliers (Ducros et al., 2009) . For even more precise measurements only FLIM-FRET approaches make sense (Grecco et al., 2010; Roszik et al., 2009) The neuronal injury or death was quantified either by monitoring the disruption of intact axons after steady contact with immune cells or by local application on the brain stem of EAE mice with propidium iodide (5 µg/ml), i.e. a marker for cell death.
As expected, the neurons with sustained high Ca 2+ concentration and intensively contacted by immune cells show axonal disruption or their nucleus is easily stained by propidium iodid.
